In numerous social species, males direct aggression towards female group members during intergroup fights, and this behaviour is commonly thought to function as mate guarding, even though males often target non-receptive females. In studying intergroup fights in a wild population of vervet monkeys, we found that male intragroup aggression was primarily directed towards individuals who had either just finished exhibiting, or were currently attempting to instigate intergroup aggression. Targeted females were less likely to instigate intergroup aggression in the future, indicating that male intragroup aggression functioned as coercion (when directed towards those who were currently trying to instigate a fight) and punishment (when directed towards those who had recently fought). These manipulative tactics effectively prevented intergroup encounters from escalating into fights and often deescalated ongoing conflicts. Males who were likely sires were those most likely to use punishment/coercion, particularly when they were wounded, and, therefore, less able to protect vulnerable offspring should a risky intergroup fight erupt. This work, along with our previous finding that females use punishment and rewards to recruit males into participating in intergroup fights, highlights the inherent conflict of interest that exists between the sexes, as well as the role that social incentives can play in resolving this conflict. Furthermore, unlike other studies which have found punishment to be used asymmetrically between partners, these works represent a novel example of reciprocal punishment in a non-human animal.
Introduction
Social groups are typically a heterogeneous assemblage of individuals, who each obtain different benefits, and experience different costs, from living and interacting with their fellow group members. As a result, conflicts of interest can arise between group members, including between siblings, parents and offspring, dominants and subordinates, individuals with varying degrees of kinship, or males and females [1] . Ultimately, the conflict of interest between the sexes stems from the asymmetry in their reproductive investment, with females typically investing more in each reproductive event. As a result, female fitness is usually thought to be limited by the resources required to produce and raise offspring, whereas male fitness is primarily limited by access to receptive females [2] . Therefore, males and females tend to have different intrinsic interests, experience different selective pressures and evolve different fitness-maximizing strategies [2] [3] [4] [5] .
Because of their different intrinsic interests, males and females in social species are expected to have different strategies for participating in intergroup fights. Females typically fight to obtain resources such as territory, food, water and shelter [6] [7] [8] , while males tend to fight to defend mates [9] [10] [11] , or, when they are able to assess paternity, to protect their offspring [12] [13] [14] . Regardless of an individual's motivation for fighting, winning an intergroup fight usually & 2018 The Author(s) Published by the Royal Society. All rights reserved.
results in the defence of the contested area and the resources therein (e.g. food, water or shelter), at least in the short term. Because all group members have access to these resources, cooperative intergroup aggression often produces a public good [15, 16] . For some group members, however, the costs associated with participating in, or even experiencing an intergroup fight, may outweigh the potential benefits associated with winning. For example, the risk of injury or death is a significant cost associated with intergroup fights [17] [18] [19] [20] [21] and can prohibit members of the smaller sex from fighting [11, 22, 23] , or make the parents of vulnerable infants more averse to escalating intergroup encounters into fights than their group mates [13, 14, 24] . Consequently, group members may often disagree on when to fight, versus when to flee. Owing to such conflicts of interests, natural selection could favour the evolution of manipulative tactics that effectively influence the behaviour of group members.
Both theoretical models of n-player cooperation (i.e. cooperation in a group setting) and public goods experiments on humans in the laboratory often conclude that social incentives such as rewards, punishment or reputation effects can influence the behaviour of group members [15, [25] [26] [27] [28] [29] [30] . Thus, social incentives could theoretically be used to resolve conflicts of interest that arise between group members in the context of intergroup fights. Although there is evidence that non-human animals use social incentives in dyadic cooperation [31] [32] [33] [34] , we know relatively little about the role that social incentives play in the production of public goods [35] . However, there is recent evidence that social incentives, including the punishment of defectors and rewarding of cooperators, are used by female vervet monkeys (Chlorocebus aethiops pygerythrus) to increase the participation of male group members during intergroup fights when high-quality food resources are at stake [36] . Male vervet monkeys in the same population have also been observed to both aggress, and groom, their fellow group members during intergroup fights, and the goal of this study was to determine the function of these intragroup social interactions.
Male intragroup aggression during intergroup fights (hereafter 'male aggression') has always been interpreted as 'herding' behaviour, and is thought to serve a mate defence function, by preventing female group members from fraternizing with, or copulating with extra-group males [22, [37] [38] [39] [40] . Male intragroup grooming during intergroup fights (hereafter 'male grooming') could function to decrease anxiety during this stressful situation [41, 42] . Alternatively, male aggression and grooming may instead function as social incentives, just as female aggression and grooming do. However, instead of promoting higher levels of participation, we hypothesize that male vervet monkeys use these social interactions to inhibit the aggressive participation of their fellow group members when an escalated intergroup fight would be costly. This may be the case when males are likely to have sired infants, or when they are using the intergroup encounter as an opportunity to assess dispersal opportunities (i.e. 'prospect').
Vervet monkeys live in multi-male multi-female groups, and although males are approximately 1.5 times larger than females, dimorphism is moderate enough that both sexes participate aggressively during intergroup fights [14, 43, 44] . Infants who are less than a year old are those most likely to suffer fatal injuries during intergroup fights [14, 18] , and both mothers and males who are likely to have sired infants appear to be sensitive to this risk [14, 44] . However, females with infants benefit if their group wins access to valuable food resources that are limiting to female fitness; therefore, they often avoid the front line and leave the fighting to other group members to mitigate the risk posed to infants [44] . Conversely, males who are likely to have sired infants tend to sit vigilant at the front line and only participate reactively/defensively if the opposing group's members are highly aggressive [14] . Thus, males who are likely sires may benefit from preventing intergroup encounters from escalating, or from de-escalating ongoing conflicts. Additionally, non-escalated intergroup encounters also give males the chance to mingle and affiliate with members of the opposing group, assessing whether they might be able to successfully disperse [14, 45] .
The aim of this study was to determine the relative importance of the mate defence and social incentives functions of male intragroup aggression and/or grooming. To achieve this, we examine seasonality in the occurrence of these behaviours, who was targeted and the impact these social interactions had on their subsequent behaviour, and which males exhibited these behaviours (table 1). We first assess whether male intragroup aggression in this species functions as mate defence, as is purported in the literature. If this is the case, male aggression should be exhibited primarily during the mating season when females could be receptive and primarily target female group members who are affiliating or mating with extra-group males; targets should subsequently cease fraternizing with extra-group males (table 1). We then test the alternative hypothesis, which is that male intragroup aggression and/or grooming function as social incentives, and are used to de-escalate intergroup fights. If this is the We also compare male intragroup aggression and grooming to the observed patterns of punishment and rewards observed in females [36] , to better understand how the conflict of interest among the sexes arises in this species, and how it is resolved. Thus, we examine the temporal co-occurrence of intragroup aggression and grooming in males and females.
Material and methods (a) Subjects and study site
Data were collected on four groups of vervet monkeys at the Mawana Game Reserve (28800 0 S, 31812 0 E), South Africa, between January 2012 and February 2014. All animals were individually recognized, and each group contained one to seven adult males, five to 14 adult females, zero to seven subadults and 11-48 juveniles at any given time. There were 22 adult male and 36 adult female study animals in total. The adult members of the frequently encountered neighbouring groups were also recognized, but we did not collect detailed behavioural data on these groups. All data collection protocols were approved by the appropriate local authority, the Ezemvelo KZN Wildlife Board.
(b) Behavioural data
More than 11 000 h of behavioural data were collected, with researchers spending one to two full days with each group, each week. We calculated the proportion of matings that each male obtained in a given mating season, and classified males as likely sires if they had obtained greater than 20% of the matings in their group the previous mating season [14] . We classified males as being wounded if a visible wound had appeared within the last two weeks, as this was the average amount of time it took for wounds to heal (T.J.M. Arseneau-Robar 2012-2014, personal observation). Males were most likely to be wounded during the mating season (71% of n ¼ 52 cases).
Intergroup fights in our study population are characterized by episodes of intergroup aggression with pauses of 3-4 min in between [36] . Because only a few group members were typically active at any given time, it was usually possible to record individual participation during intergroup encounters on an all-occurrence basis, with observers noting the time of all participation events, the participants and their behaviour [48] . However, when a larger proportion of the group was active, we only recorded the participation of adults and subadults. Participation could be non-aggressive, aggressive or affiliative (for further details on the classification of these behaviours, see the electronic supplementary material). Non-aggressive behaviours could be used to solicit support before initiating an act of intergroup aggression (hereafter, an 'aggressive episode'). For example, individuals attempting to instigate intergroup aggression typically began to approach the opposing group while making intense contact calls (hereafter, an 'instigating episode').
Males engaged in intragroup social interactions when the opposing group was nearby but no fights had yet broken out, as well as during escalated fights. For each act of male intragroup aggression and grooming we recorded the identity of the actor, as well as the targets. We then determined if the targets of male intragroup aggression and grooming were currently affiliating with extra-group males, attempting to instigate intergroup aggression, or had participated in the most recent aggressive episode (in the present intergroup fight). In some cases, it was not possible to confirm if the targeted individual was instigating intergroup aggression (i.e. if they were the one who made intense contact calls), or if they were only present at the front line. In such cases, targets were conservatively scored as not attempting to instigate intergroup aggression. We also determined if the target(s) subsequently attempted to instigate intergroup aggression or participated in the next aggressive episode (in the present intergroup fight). A video of male intragroup aggression, which occurred during a playback experiment, has been uploaded to Dryad (http://dx.doi.org/10.5061/dryad.9p5hm) [49] .
(c) Statistical analyses
We used generalized linear mixed models (GLMMs) to examine the seasonal variability in the occurrence of male intragroup aggression and grooming, and to test the impact that male characteristics had on their propensity to exhibit intragroup aggression (see the electronic supplementary material, for additional detail). We also used a GLMM to investigate the seasonal co-occurrence of male and female social incentives. The overall significance of each GLMM was assessed by comparing the final model to the null model (model including intercept and random effects only) using a likelihood ratio test.
Binomial tests were used to determine if certain group members were the targets of male aggression more often than would be expected. The expected values for different age/sex classes were the average availability of each class within the study groups. To assess whether male aggression functioned 'solely' as mate defence (i.e. was directed towards females who affiliated/ mated with extra-group males), we use a slightly conservative expected proportion of 0.95. Lastly, to assess whether male aggression functioned as a social incentive (i.e. targeted individuals who instigated/participated in intergroup aggression), we used the average proportion of group members that were typically active in a given act of intergroup aggression. We note that this is a conservative expected value as intergroup conflicts in this population were characterized by discrete acts of intergroup aggression with pauses in between where no one was behaving aggressively. Thus, at any given time, the proportion of the group that was participating aggressively in the intergroup conflict was often lower than the expected proportion that we use.
We used Wilcoxon signed-rank tests to examine the impact that male intragroup aggression had on the behaviour of target females. This included comparing the proportion of cases in which each female was targeted that she had either been attempting to instigate intergroup aggression or had participated in the rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172323 most recent aggressive episode, to the proportion of cases in which she participated in either an instigating episode or an aggressive episode following male aggression. It also included comparing the likelihood that targeted females participated aggressively following male aggression to their baseline likelihood of participating in two consecutive aggressive/instigating episodes (see the electronic supplementary material for additional detail). Note that targeted juveniles are not included in these analyses.
A Fisher's exact test was used to compare the likelihood that an intergroup encounter escalated into an intergroup fight if males did versus did not exhibit intragroup aggression when the two groups were nearby, but not yet fighting. The latency to escalation following male aggression was compared to the typical latency it took for intergroup fights to erupt after a female exhibited instigating behaviour using a Wilcoxon rank-sum test. A Wilcoxon signed-rank test was used to determine if intergroup fights were more likely to end after acts of male aggression that occurred during ongoing intergroup fights than would be expected. Here, we control for the latency between the onset of the intergroup fight and each act of male aggression, and determined how long intergroup fights typically continued past this point (see the electronic supplementary material, for additional detail). Because male grooming was observed very rarely, we were unable to conduct a formal statistical test on the behaviour of targets before versus after grooming. Therefore, we present only summary statistics in discussing the function of male grooming. In all analyses, a was set at 0.05, but we also discuss statistical trends (0.05 , p , 0.10). All statistical analyses were conducted in R [v. 3.0.3, 50] and we used the lme4 package [v. 1.1-4, 51] to fit the GLMM models.
Results
We observed more than 400 intergroup encounters and approximately half of these (n ¼ 236) escalated into intergroup fights, which could last for up to 8 h (mean + s.d. ¼ 45 + 55 min, range ¼ 1-475 min). Male intragroup aggression during intergroup encounters was only observed 41 times during the 2 year study period. Targets could be another adult male (n ¼ 4), one or more adult females (n ¼ 18), a female and a juvenile (n ¼ 12), or a juvenile (n ¼ 7). Importantly, the four acts of male-male intragroup aggression did not occur at the front line or appear to be related to the intergroup encounter. Instead, all were cases that occurred during periods when a subordinate male was challenging the dominant male, and hence appeared to be acts of male competition that merely happened to occur during intergroup fights. Therefore, these acts of male-male aggression are not considered further (i.e. our analyses are based on n ¼ 37 acts of male intragroup aggression). Females were significantly more likely to be targeted than would be expected given their availability (binomial test: n ¼ 30 out of 37 cases, expected proportion ¼ 0.24, p , 0.001, 95% confidence interval (CI) ¼ 0.67-0.92), while juveniles were targeted as frequently as would be expected (binomial test: n ¼ 19 out of 37 cases, expected proportion ¼ 0.60, p ¼ 0.32, 95% CI ¼ 0.35-0.68), given the composition of the study groups. Male intragroup grooming was even rarer than male intragroup aggression, with only 12 cases observed during the study period; in all cases, the target was an adult female.
(a) Male intragroup aggression as mate defence
We found that male aggression was no more likely to occur during intergroup encounters that took place in the mating season than at other times of the year (GLMM: b + s.e. ¼ 0.12 + 0.59, z ¼ 0.20, p ¼ 0.841; electronic supplementary material, table S1). Although females were often targeted, males did not exclusively direct aggression towards these potential mates (binomial test: n ¼ 30 out of 37 cases, expected proportion ¼ 0.95, p ¼ 0.002, 95% CI ¼ 0.67-0.92). Furthermore, in only two cases was male aggression directed towards female group members who behaved affiliatively with an extra-group male (figure 1). In both cases, the targeted female ceased affiliating and did not fraternize with the extra-group male for the rest of the intergroup encounter. Therefore, 5% (95% CI ¼ 0-14%) of observations were in line with the expectations of the mate defence hypothesis (table 1) . It is also notable that we observed females behaving affiliatively towards extra-group males in 7% of intergroup encounters (n ¼ 345). Under the mate defence hypothesis, we might expect males to direct aggression towards these affiliating females in the vast majority of such occasions, yet the observed proportion of 0.08 is significantly lower than even a highly conservative expected probability of male aggression in 50% of the cases of female fraternization (binomial test: n ¼ 2 out of 24, expected proportion ¼ 0.5, p , 0.001, 95% CI ¼ 0 -0.21).
(b) Male intragroup aggression as a social incentive
Male aggression was most likely to occur in the summer season (GLMM: b + s.e. ¼ 5.19 + 2.12, z ¼ 2.45, p ¼ 0.014; electronic supplementary material, table S1), which is the time of year that high-quality fruits were abundant and females were most active in intergroup fights. In 76% of cases, male aggression targeted individuals who were behaving aggressively towards the opposing group ( figure 1 ). This propensity to target aggressive participants appears to be highly selective, given that, on average, only 6% of group members typically participated in any given act of intergroup aggression (binomial test: n ¼ 28 out of 37 cases, expected proportion ¼ 0.06, p , 0.001, 95% CI ¼ 0.62-0.89). The adult females who were targeted (n ¼ 16 females each targeted one to seven times; total number of target events ¼ 44) were significantly less likely to attempt to instigate aggression, or participate in the next aggressive episode after they were attacked (Wilcoxon signed-rank test: v ¼ 105, n ¼ 16 females, p , 0.001, r ¼ 20.83; figure 2a ). This impact on female behaviour appears biologically meaningful, as targeted females were also less likely to participate in subsequent instigating/aggressive episodes than would be expected, given their individual baseline levels (Wilcoxon signed-rank test: v ¼ 7, n ¼ 15 females, p ¼ 0.003, r ¼ 20.77; figure 2b ). Thus, 76% (95% CI ¼ 62-89%) of observations were in line with the expectations of the social incentive hypothesis (table 1) .
When male aggression was exhibited prior to the onset of any intergroup aggression (i.e. the two groups were near each other, but not yet fighting), the intergroup encounter was less likely to escalate than if no male aggression had occurred (n ¼ 314 intergroup encounters, Fisher's exact test: p ¼ 0.005). Furthermore, in the three cases where an intergroup fight eventually erupted, this did not occur for over an hour (range: 67 -73 min), which is significantly longer than it typically took intergroup fights to erupt after a female exhibited escalating behaviour (median latency: 7.5 min.; Wilcoxon rank-sum test: w ¼ 72, n ¼ 22, p ¼ 0.002, r ¼ 20.65). When male aggression was used during an escalated intergroup fight, it de-escalated the fight in half of all cases. When we control for the time into the intergroup fight that acts of male aggression occurred, there was a non-significant tendency for intergroup fights to end sooner than would be expected, given how long intergroup fights typically continued past that point in the absence of male aggression (Wilcoxon signed-rank test:
Of the 15 individual males who exhibited intragroup aggression during intergroup fights (six in group A, five in group B, three in group C and one in group D), 12 were adult males and three were subadult males who had not yet emigrated from their natal group. Among adult males, those most likely to exhibit male aggression were males who were likely to have sired offspring, particularly if they were wounded (GLMM: healthy likely sire b + s.e. , table S2 ). In the majority of cases, this male was a likely sire in his current group (n ¼ 24 out of 32 cases in which actor was an adult male), but in an additional three cases, the male may have been a likely sire in the opposing group given his residency in that group the previous mating season. The effect of being wounded appears to be additive to that of being a likely sire, because males who were wounded but were not likely sires were no more likely to exhibit male aggression than males in the reference category (males who were not wounded, likely sires or prospecting) (GLMM: b + s.e. ¼ 0.83 + 1.16, z ¼ 0.72, p ¼ 0.473; electronic supplementary material, table S2). In fact, males who were wounded when they exhibited male aggression were always likely sires, or in one case, potentially a sire in the opposing group. Interestingly, all of the observed cases of male aggression by a wounded male occurred during the mating season. Therefore, although we did not detect a significant mating season effect in the occurrence of male aggression (electronic supplementary material, table S1), any apparent mating season effect probably arises because of the increased rates of wounding during this period.
Although males who were prospecting were not significantly more likely to exhibit male aggression than males in the reference category (GLMM: b + s.e. ¼ 2.06 + 1.20, z ¼ 1.72, p ¼ 0.085; electronic supplementary material, table S2), some cases of male aggression may have served a conflict de-escalating function for prospecting males, as we found a rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172323 non-significant trend. In particular, de-escalating intergroup fights to protect prospecting opportunities may be an important strategy for subadult males in this population. Although we observed subadult males attempting to prospect in 6% of intergroup encounters (n ¼ 345), prospecting was only successful (i.e. being tolerated by the neighbouring group for more than 5 min) in 3% (n ¼ 12 intergroup encounters). Subadult males appear to make the most of these rare opportunities as, in all cases in which the actor was a subadult male (n ¼ 5), they exhibited male aggression when the intergroup encounter presented a particularly good prospecting opportunity (i.e. they were tolerated by the neighbouring group for .30 min).
(c) Male intragroup grooming
We detected no seasonal variability in the occurrence of male grooming during intergroup fights (electronic supplementary material, table S1). Only three males were observed to exhibit this behaviour and the majority of cases were from a single individual (n ¼ 9 out of 12 cases). There was no clear pattern in the identity of the individuals exhibiting male grooming (n ¼ 7 cases by likely sires, n ¼ 5 by unlikely sires), or the behaviour of the individuals targeted either before (n ¼ 6 participated in/instigated intergroup aggression) or after being groomed (n ¼ 3 participated in/instigated intergroup aggression).
(d) Comparing male and female social incentives
Just as female social incentives were more likely to be used in the summer season when fruits were most abundant [36] , males were also more likely to exhibit male aggression in the summer season (electronic supplementary material, table S1). As a result, there was a significant positive relationship between the monthly occurrence of male and female social incentives (GLMM: b + s.e. ¼ 1.680 + 0.631, z ¼ 2.662, p ¼ 0.008). Of the 26 separate intergroup encounters in which male aggression was observed, females also employed social incentives in eight ( 30%).
Discussion
The goal of this study was to investigate the function of male intragroup aggression and grooming during intergroup encounters in vervet monkeys. Our findings suggest that male aggression can function as both mate defence and as a social incentive in this species, although the latter is far more common. Male aggression appears to coerce individuals who were currently trying to escalate intergroup encounters into decreasing their level of activity, as they were less likely to attempt to instigate intergroup aggression afterwards or participate aggressively if other group members escalated an intergroup fight. When directed towards individuals who had recently exhibited intergroup aggression, male aggression functioned as punishment, effectively decreasing the likelihood that targeted individuals instigated or participated in intergroup aggression in the future [46, 47] . This observed decrease is biologically meaningful, as females were less likely to participate after being coerced/punished than would be expected, given individual baseline levels. In many cases, these manipulative tactics de-escalated the entire intergroup interaction.
Males who were likely sires were those most likely to use punishment and coercion, particularly when they were wounded, suggesting that likely sires try to de-escalate the situation when an escalated fight would pose a risk to offspring. The wounds that males suffered were often severe and, as a result, wounded males may have been unable to defend an infant should the need arise. Subadult males may also use manipulative tactics when an escalated intergroup fight would disrupt a valuable prospecting opportunity. In addition to providing males the chance to assess the composition (i.e. number of potential mates and number of potential rival males) of the neighbouring group, calm periods during intergroup encounters also allowed males to mingle with the members of the opposing group. The extent to which females tolerate prospectors, or even affiliate with them, and the amount of aggression prospectors receive from males in the opposing group, probably allow prospecting males to gauge how easily they might integrate into the group if they did disperse [45] . Furthermore, prospecting during intergroup encounters may be less risky than prospecting alone because subadult males often receive support from their group members if attacked.
These findings provide novel evidence that mate defence is not always the sole, or even predominant function of male intragroup aggression during intergroup fights, as had previously been assumed [22, 37, 52, 53] . The punishment/coercion function that we propose may also be an important motivator of male intragroup aggression in other species where intergroup fights are perceived as costly to males. This may be the case when there is a risk of attacks on infants during intergroup fights [18, [54] [55] [56] [57] [58] [59] , or when males use intergroup encounters to assess dispersal opportunities [10, 40, 43, 45, [60] [61] [62] [63] . To determine if male aggression functions as mate defence or to manipulate the aggressive outgroup behaviours of the targeted group member, it is critical that future studies document the behaviour of the targeted individual(s), both before and after receiving male aggression.
We did not find any strong evidence that male intragroup grooming functioned to manipulate the behaviour of group members. When aggressive conflicts arise within social groups, the participants can engage in post-conflict affiliation, either with the individual they had the conflict with, or with other group members. Such post-conflict affiliation may decrease stress levels by decreasing the heart rates of the affiliating individuals, reconcile relationships, or console and calm the targets of aggression [41, [64] [65] [66] . Grooming could similarly be used to relieve stress in the intergroup conflict context. In contrast to our current finding, our previous work on the same study population indicated that females use grooming to reward males who have recently participated in an intergroup fight [36] . If social incentives evolved by hijacking a pre-existing stress response, the lack of a male reward system may arise because the necessary associations are difficult to learn [47] . In the female reward system, females groom males who have recently participated in the intergroup fight; as such, grooming takes place shortly following active participation in intergroup aggression. Conversely, if a male reward system did evolve, we would expect males to groom (i.e. reward) females who were not actively involved in the intergroup fight. Thus, females would have to learn to associate male grooming with their inactivity. This association is probably more difficult to make.
Because male and female vervet monkeys experience very different costs and benefits from participating in intergroup fights [14, 44, 67] , they probably disagree on when to fight versus when to avoid engaging in intergroup aggression. This rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20172323 conflict of interest is most pronounced during the summer season, when females have much to gain from winning access to high-quality food resources, and are, therefore, more likely to instigate intergroup fights that males perceive as costly [36, 44] . Conflicts of interest have severe consequences for group-level cooperation in this context; females use punishment and rewards to promote more effective group-level cooperation [36] , while males use punishment and coercion to inhibit group members from fighting, which stifles group-level cooperation. The reciprocal punishment exhibited in vervet monkeys differs from the punishment that has been observed in a dyadic setting (i.e. cooperation between two partners), where only the larger partner punishes the smaller partner (i.e. punishment is asymmetric) [31] [32] [33] [34] . Because the risk of retaliation by the target represents an additional cost to punishing, punishment is thought to be more likely to evolve when there are power asymmetries between individuals [46, 47] . Given their larger size, it is not that surprising that male vervet monkeys are able to punish females. However, females face a significant risk of injury if a male retaliates when punished, and females often use coalitions to mitigate this risk and tip the balance of power in their favour [36] . Because coalitions cannot be used to undermine the power held by larger, stronger or higher-ranking individuals when cooperation takes place in a dyadic setting, it is not possible to create an asymmetry in numbers. As a result, reciprocal punishment may be less likely to evolve in a dyadic setting than in a group setting where cooperation takes place among multiple players.
Social life is rife with conflicts of interest, and these conflicts probably have consequences for group-level cooperation in a number of cooperative contexts, including intergroup conflict. In humans, a number of strategies are used to manipulate the participation of group members in primitive warfare, including punishment, coercion, ostracism, rewards and prestige [68] [69] [70] [71] . However, we currently understand little of the strategies that other group-living animals use to resolve the conflicts of interest that arise during n-player cooperative activities. In vervet monkeys, the observed intra-and inter-individual variability in participation indicates that males and females experience very different costs and benefits from participating in intergroup fights [14, 44, 67] . These differences probably create selective pressure for the evolution of manipulative tactics. In this study, as well as in our previous work, we demonstrate that both male and female vervet monkeys use social incentives to resolve these conflicts of interest [36] . We have also tried to examine the real-world conditions that have promoted the evolution of these manipulative tactics by examining the social and ecological conditions in which both male and female social incentives are used [36] . We thereby hope to provide important and novel insight into the role that social incentives can play in the evolution and maintenance of group-level cooperation in non-human animals.
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